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Status 

1 )KI Responsive to communication(s) filed on 13 May 2010 . 
2a )^ This action is FINAL. 2b)D This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 O.G. 213. 

Disposition of Claims 

4) ^ Claim(s) 1-20 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) |EI Claim(s) 1-20 is/are rejected. 

7) 0 Claim(s) is/are objected to. 

8) D Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) Q The specification is objected to by the Examiner. 

10) ^ The drawing(s) filed on 25 May 2006 is/are: a)^ accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 

1 1) D The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12) D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
a)D All b)D Some * c)D None of: 

1 .□ Certified copies of the priority documents have been received. 

20 Certified copies of the priority documents have been received in Application No. . 

3.Q Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 
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DETAILED ACTION 

Oath/Declaration 

The Oath or Declaration filed on 5/25/2006 is acceptable. 

Specification 

1 . The specification has not been checked to the extent necessary to determine the 
presence of all possible minor errors. Applicant's cooperation is requested in correcting 
any errors of which applicant may become aware in the specification. 

Claim Objections 

2. Claims 2 and 8 are objected to because of the following informalities: 

3. Claim 2 on lines 6-7 recites the limitation "said trench" which appears to be "said 
at least one trench". It suggested to insert -- at least one --, in between the words "said" 
and "trench" for clarity and consistency. 

4. Claim 2 on line 7 recites the limitation "said multiple carbon nanotubes" which 
appears to be "said multiple conductive carbon nanotubes ". It suggested to insert 

-- conductive --, in between the words "multiple" and "carbon" for clarity and 
consistency. 

5. Appropriate correction is required. 
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Claim Rejections - 35 USC § 103 

6. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

7. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

8. Claims 1-8, 10-15, and 17-19, are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Bernstein et al. (US 2002/0151 150, dated October 17 th , 2002, filed 
October 26 th , 2001 ; hereinafter Bernstein) in view of Smalley et al. (US 2002/0159944, 
dated October 31 st , 2002, filed February 8 th , 2002; hereafter Smalley). 

9. Regarding claim 1, figures 1-6 and related text of Bernstein discloses a substrate 
10/12 (paragraph [0022]); a trench 18 (shown in figure 2, paragraph [0024]) in said 
substrate 10/12; multiple (plurality) conductive barrier layer 20/24 (paragraph [0025]) 
lining said trench 18; and a trench conductor 28 (paragraph [0030]), surrounded by and 
in direct contact with said conductive barrier layer 24, filling said trench 18, wherein said 
trench conductor 28 and said substrate 10/12 having a co-planar top surface. 
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Bernstein lacks anticipation in not explicitly teaching the conductive barrier layer 
material is a conductive carbon nanotube. 

However, in the same field of endeavor Smalley teaches, a similar device 
wherein the capacitor electrode is formed of conductive carbon nanotubes (Smalley; 
paragraph [0018] & [0029] lines 1-10]). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to replace the conductive barrier layer material of 
Bernstein's device with carbon nanotubes as taught by Smalley. The ordinary artisan 
would have been motivated to modify Bernstein's device in the above manner because 
purified carbon nanotubes are stable and resistant to environment attack (Smalley; 
paragraph [0023] lines 1-4), thus enhancing the performance of the device (Smalley; 
paragraph [0018]). 

10. Regarding claim 2, figures 1-6 and related text of Bernstein discloses a substrate 
10/12 (paragraph [0022]); at least one trench 18 (paragraph [0024]) in said substrate 
10/12; multiple (plurality) conductive barrier layer 24/20 (paragraph [0025]) lining said at 
least one trench 18; a trench conductor 28 (paragraph [0030]) filling said trench 18 and 
in direct contact with said conductive barrier layer 24; and a trench dielectric 22 
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(paragraph [0025]) between said conductive barrier layer 24 and sidewalls of said 
trench 18 and directly underneath and in contact with said conductive barrier layer 24. 

Bernstein lacks anticipation in not explicitly teaching the conductive barrier layer 
material is a conductive carbon nanotube. 

However, in the same field of endeavor Smalley teaches, a similar device 
wherein the capacitor electrode is formed of conductive carbon nanotubes (Smalley; 
paragraph [0018] & [0029] lines 1-10]). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to replace the conductive barrier layer material of 
Bernstein's device with carbon nanotubes as taught by Smalley. The ordinary artisan 
would have been motivated to modify Bernstein's device in the above manner because 
purified carbon nanotubes are stable and resistant to environment attack (Smalley; 
paragraph [0023] lines 1-4), thus enhancing the performance of the device (Smalley; 
paragraph [0018]). 

1 1 . Regarding claim 3, figures 1 -6 and related text of Bernstein discloses a layer of 
trench dielectric 22 on top of a bottom of said trench 18 and between said multiple 
conductive carbon nanotubes (conductive barrier layer) 20/24 and sidewalls of said 
trench, wherein the multiple conductive carbon nanotubes (conductive barrier layer) 24 
form an open cylinder structure lining said sidewalls of said trench 18 through said layer 
of trench dielectric 22. 

12. Regarding claim 4, figures 1-6 and related text of Bernstein discloses wherein 
the trench conductor 28 comprises a metal (copper) (Bernstein; paragraph [0029]), 



Application/Control Number: 10/596,022 Page 6 

Art Unit: 2811 

contacting (electrically, capacitor forms electric field in the dielectric) said layer of trench 
dielectric 22 on top of said bottom of said trench 18. 

13. Regarding claim 5, figures 1-6 and related text of Bernstein and Smalley 
disclose characterized in that the multiple conductive carbon nanotubes (conductive 
barrier layer) 20/24 and the trench conductor 28 are disposed in the trench 18 
(Bernstein; paragraph [0024] & [00250]), and the trench conductor 28 is carbon free 
(copper) (Bernstein; paragraph [0029] lines 1-3). 

14. Regarding claim 6, figures 1-6 and related text of Bernstein discloses 
characterized in that the substrate 10/12 is free of carbon nanotube catalyst materials 
(silicon and silicon dioxide or SOI substrate) (paragraph [0022] lines 1-5). 

15. Regarding claim 7, figures 1-6 and related text of Bernstein and Smalley 
disclose characterized in that the multiple conductive carbon nanotubes (conductive 
barrier layer) 20/24 form a consistent lining along approximately the entire length of 
sidewalls of said trench 18. 

16. Regarding claim 8, figures 1-6 and related text of Bernstein and Smalley 
disclose characterized in that the trench-type storage device is planarized so that a top 
surface of the substrate 10/12 is coplanar with respective top surfaces of the trench 
dielectric 22, the multiple conductive carbon nanotubes (conductive barrier layer) 20/24 
and the trench conductor 28 (shown in figure 6 of Bernstein). 

17. Regarding claim 10, figures 1-6 and related text of Bernstein and Smalley 
disclose further comprising a trench dielectric 22 between said multiple conductive 
carbon nanotubes (conductive barrier layer) 24 and sidewalls of said trench 18. 
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18. Regarding claim 1 1 , figures 1 -6 and related text of Bernstein discloses a 
substrate 10/12; one trench 18 in said substrate 10/12; (conductive barrier layer) 20/24 
forming an open cylinder in lining said one trench 18; and a trench conductor 28 filling 
said open cylinder of said (conductive barrier layer) 24 and in direct contact with said 
(conductive barrier layer) 24, wherein said trench conductor 28 and said substrate 10/12 
having a co-planar top surface. 

Bernstein lacks anticipation in not explicitly teaching the conductive barrier layer 
material is a conductive carbon nanotube. 

However, in the same field of endeavor Smalley teaches, a similar device 
wherein the capacitor electrode is formed of conductive carbon nanotubes (Smalley; 
paragraph [0029] lines 1-10]). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to replace the conductive barrier layer material of 
Bernstein's device with carbon nanotubes as taught by Smalley. The ordinary artisan 
would have been motivated to modify Bernstein's device in the above manner because 
purified carbon nanotubes are stable and resistant to environment attack (Smalley; 
paragraph [0023]), thus enhancing the performance of the device (Smalley; paragraph 
[0018]). 

19. Regarding claim 12, figures 1-6 and related text of Bernstein discloses wherein 
the trench conductor 28 comprises a metal (copper) (Bernstein; paragraph [0029]), 
contacting (electrically, capacitor forms electric field in the dielectric) said layer of trench 
dielectric 22 on top of said bottom of said trench 18. 
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20. Regarding claim 13, figures 1-6 and related text of Bernstein and Smalley 
disclose characterized in that the conductive carbon nanotubes (conductive barrier 
layer) 20/24 and the trench conductor 28 are disposed in the trench 18, and the trench 
conductor 28 is carbon free (copper) (Bernstein; paragraph [0029] lines 1-3). 

21 . Regarding claim 14, figures 1-6 and related text of Bernstein discloses 
characterized in that the substrate 10/12 is free of carbon nanotube catalyst materials 
(silicon and silicon dioxide or SOI substrate) (paragraph [0022] lines 1-5). 

22. Regarding claim 15, figures 1-6 and related text of Bernstein and Smalley 
disclose characterized in that the conductive carbon nanotubes (conductive barrier 
layer) 20/24 form a consistent lining along approximately the entire length of sidewalls 
of said trench 18. 

23. Regarding claim 17, figures 1-6 and related text of Bernstein and Smalley 
disclose further comprising a trench dielectric 22 between said conductive carbon 
nanotubes (conductive barrier layer) 24 and sidewalls of said trench 18. 

24. Regarding claim 18, figures 1-6 and related text of Bernstein and Smalley 
disclose further comprising a trench dielectric layer 22 directly underneath said multiple 
conductive nanotubes (conductive barrier layer) 24. 

25. Regarding claim 19, figures 1-6 and related text of Bernstein and Smalley 
wherein said trench dielectric layer 22 lining at least a substantial portion of sidewalls of 
said trench 18 and said multiple conductive nanotubes (conductive barrier layer) 24 
lining said trench 18 via said trench dielectric layer 22. 
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26. Claims 9 & 16 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Bernstein et al. (US 2002/0151 150, dated October 17 th , 2002, filed October 26 th , 2001 ; 
hereinafter Bernstein) and Smalley et al. (US 2002/0159944, dated October 31 st , 2002, 
filed February 8 th , 2002; hereafter Smalley) in view of Yoshikazu Homma ("Growth of 
suspended carbon nanotube..." dated 09/16/2002, hereinafter Homma) 

27. Regarding claim 9 and 16, the combination of Bernstein and Smalley 
substantially disclose the claimed invention except the multiple conductive carbon 
nanotubes (conductive material) are grown downwards into the trench. 

However, in the same field of endeavor Homma discloses growing 
nanotubes downward (page 2263, 5th paragraph). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to grow the multiple conductive carbon nanotubes of the 
combination of Bernstein's and Smalley's device down wards as taught by Homma. The 
ordinary artisan would have been motivated to grow the nanotubes in the above manner 
for the purpose of forming vertical nanotubes without having arches at the top portion of 
the nanotube (page 2263 col. 2 lines 15-19). 

28. Claim 20 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Bernstein et al. (US 2002/0151 150, dated October 17 th , 2002, filed October 26 th , 2001 ; 
hereinafter Bernstein) and of Smalley et al. (US 2002/0159944, dated October 31 st , 
2002, filed February 8 th , 2002; hereafter Smalley) in view of Widmann et al. (US 
2001/0012658, dated August 9 th , 2001, filed April 14 th , 2001 ; hereinafter Widmann). 



Application/Control Number: 10/596,022 Page 10 

Art Unit: 2811 

29. Regarding claim 20, figures 1-6 and related text of Bernstein and Smalley 
disclose wherein said trench dielectric layer 22 having a shape, lined by said multiple 
conductive nanotubes (plurality of conductive barrier layer) 20/24 across sidewalls of 
said shape, and filled by said trench conductor 28. 

Bernstein and Smalley lack anticipation in not explicitly teaching the trench 
dielectric is formed of cylindrical shape. 

However, in the same field of endeavor Widmann discloses a similar device 
wherein a trench dielectric is formed of cylindrical shape (paragraph [0014]). 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to form the combination of Bernstein's and Smalley's 
trench dielectric with a cylindrical shape as taught by Widmann. The ordinary artisan 
would have been motivated to modify the combination of Bernstein's and Smalley's 
device in the above manner in order to increase the surface area of the storage 
electrode which results in high capacitance of the capacitor. 

Response to Arguments 

30. Applicant's amendment filed on 5/13/2010, overcame the objection to the 
specification, the objections to claims 3, 5, 7-17, and the 35 U.S.C 112, 2 nd , rejections to 
claim 12. Accordingly the objection to the specification, the objections to claims 3, 5, 7- 
17, and the 35 U.S.C 112, 2 nd , rejections to claim 12 have been withdrawn. 

31 . Claims 1 -5, 7-1 2, 1 5 and 1 7 as amended by the amendment, claims 6, 1 3-1 4, 1 6 
and 18-20 as previously presented are currently in the application. 
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32. Applicant's arguments with respect to claims 1 , 2 and 1 1 have been considered 
but are moot in view of the new ground(s) of rejection. The examiner would like to 
emphasize the new ground(s) or rejection is established because applicant has added 
the limitation "and in direct contact with" in claims 1 , 2 and 1 1 . The examiner is required 
to use the broadest reasonable interpretation consistent with the specification in order to 
examine the amended claims (MPEP 2111). The detail of the examination is listed in 
the office action. 

Conclusion 

33. Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to YOSEF GEBREYESUS whose telephone number is 
(571)270-5765. The examiner can normally be reached on Monday through Thursday 
7:30 to 5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Lynne A. Gurley can be reached on 571-272-1670. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Lynne A. Gurley/ 

Supervisory Patent Examiner, Art 

Unit 2811 



/YOSEF GEBREYESUS/ 
Examiner, Art Unit 2811 



07/16/2010 
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